Abstract. The present paper deals with isolation of endophytic fungi from root, stem and leaves of tea (Camellia sinensis) shrubs collected from different tea gardens of Assam, India and evaluation of their plant growth promoting activities in vitro. Out of ten different endophytic fungi isolated the highest IAA (indole acetic acid) activity was observed for Aspergillus niger (36.49±1.17 µg/ml) followed by Penicillium sclerotiorum (36.35 ± 2.07 µg/ml). The highest GA 3 activity was exhibited by the fungus Fusarium oxysporum (12.46 ± 0.84µg/ml) followed by P. chrysogenum F1 (10.95 ± 0.37 µg/ml). Evaluation of insoluble mineral solubilization activities of endophytic fungi revealed P. sclerotiorum as most efficient phosphate solubilizer (215.98 ± 0.2 µg/ml), A. niger as the highest potassium solubilizer (solubilization index 1.7 4± 0.2) and P. sclerotiorum as the most efficient zinc solubilizer. It was also observed that plant growth promoting activities of the fungal endophytes increased up to a certain period of incubation and thereafter it decreased. As these fungal endophytes were found to be efficient in plant growth promoting activities they may have the potential to develop a biofertilizers consortium.
Introduction
Plant growth promoting microbes are heterogeneous groups of microbes associated with plants in diverse ways. The plant associated microbes colonize the rhizosphere (rhizospheric microbes), the phyllosphere (epiphytes) and inside of the plant tissue (endophytes). The word "endophyte" means "inside the plant" (derived from the Greek words "endon" meaning "within" and "phyton" meaning "plant"). Although there are diverse meanings for the term, endophytes are most commonly defined as those organisms whose "infections are inconspicuous, the infected host tissues are at least transiently symptomless, and the microbial colonization can be demonstrated to be internal" (Stone et al., 2000) . In the last decade the study of endophytic microbes has become very important as these microbes are native to the host plants and most of the endophytes are beneficial to the host plants in terms of production of plant growth regulating hormones, solubilization of insoluble minerals and their antagonistic behaviour against plant pathogens and pests.
Fungal endophytes are low in number in comparison to the bacterial endophytes. Though less in number, they are equally beneficial to the host plants. Most of the fungal endophytes including Aspergillus flavus, A. niger, Fusarium oxysporum, Penicillium corylophilum, P. cyclopium, P. funiculosum and Rhizopus stolonifer isolated from diverse kinds of plants were reported for their ability to produce different kinds of plant growth promoting hormones like indole acetic acid (IAA) and gibberellic acid (GA) Hassan, 2002; Waqas et al., 2012) . Similar to the ability to produce plant growth regulating hormones, endophytic fungi were reported well for their mineral solubilizing activities including phosphate, zinc and potassium solubilization. Among the fungal groups Aspergillus and Penicillium are two important endophytic fungal genera having very efficient phosphate solubilizing activity (Wakelin et al., 2004; Souchie et al., 2006) . Very few endophytic fungi were reported for their ability to solubilize the insoluble potassium and zinc salts. However, most of the endophytes resemble to their rhizospheric microbial groups and hence such endophytes could be assumed to have zinc and potassium solubilizing activities. Prajapati et al. (2012) isolated four different potassium solubilizing fungi from soils nearby ceramic industries and found that Aspergillus niger and A. terreus possess a greater potassium solubilizing activity.) Aspergillus, Penicillium and Fusarium were reported for their remarkable activity to solubilize different kinds of insoluble mineral salts in rocks including phosphates, zinc and potassium salts (Gaur, 1990; Simine et al., 1998). Lopes-Assad et al. (2010) reported that Aspergillus niger has a better ability to solubilize silicates of potassium and aluminium.
Present day agriculture is based on high inputs of agrochemicals. Over application of chemical fertilizers is one of the major causes of soil and water pollution. More over it is also responsible for depletion of soil quality. To minimize all these environmental problems modern day agriculture should concentrate on organic cultivation through biofertilizers. Though, soil is one of the most common sources for isolation of biofertilizers, adverse effects of soil microbes to plant health is not well known. As endophytes are generally harmless to the plant and have better plant growth promoting activities, manipulation of soil microflora by plant growth promoting endophytes may open a new area in the field organic agriculture.
Materials and Methods

Collection and preparation of samples
Root, stem and leaf samples were collected from mature tea (Camellia sinensis) shrubs from different tea gardens of upper Assam, India. Healthy and disease free young root, stem and leaf samples were collected in ice box, packed immediately in poly bags and stored at 4 0 C for further use.
Isolation of endophytes
To remove the debris root, stem and leaf samples were washed separately with tap water for seven times followed by distilled water for five times. After proper washing, about five grams of root samples were dipped in 70% ethanol for five minutes followed by 0.1% HgCl 2 for 1minute. However, equal amount stem and leaf samples were treated with 70% alcohol for five minutes followed by 0.05% HgCl 2 for 1minute. To remove the effect of surface sterilizing agents, samples were washed with sterilized distilled water for ten times (Bandara et al., 2006) . After proper surface sterilization as well as removal of surface sterilizing agents, samples were homogenized in 50 ml of sterilized distilled water to prepare the stock tissue homogenate. From this tissue homogenate, proper dilution was done according to the standard process of serial dilution. Serially diluted sample tissue homogenates were spread on potato dextrose agar (PDA), Sabouraud Dextrose Agar (SDA) and Czapeck dox agar (CDA) medium (Tejera et al., 2006) . Properly inoculated plates were incubated at 25ºC in an incubator for proper growth of fungal colonies. Single spore technique was used to isolate the pure fungal cultures (Choi et al., 1999) . To avoid the unexpected contamination, whole process was done in front of laminar air hood.
Efficacy of the process of surface sterilization was confirmed by rolling a piece of leaf, stem or root on nutrient agar plate and incubated for 24 hours. The plate without any microbial colony after incubation period confirms the proper sterilization of the samples.
Estimation of IAA production
Quantitative estimation of IAA was performed according to Brick et al. (1991) . For this purpose 100 ml of minimal salt (MS) medium were poured into 250 ml Erlenmeyer flasks, autoclaved and allowed to cool at room temperature. All the flasks were amended with filter sterilized L-tryptophan (1000 μg/ml). Flasks were inoculated with 1 ml of fungal spore suspensions (2 x10 6 spores/ml) and incubated at 25 0 C. The control flask was incubated without inoculation with spore suspension. Two, four, six and eight days old culture supernatants from each flask were centrifuged at 3,000 rpm for 10 minutes. For measuring the amount of IAA produced, 1ml of culture supernatant was pipetted into test tubes and mixed with 2 ml of FeCl 3 -perchloric acid reagent (50 ml 35% perchloric acid + 1 ml 0.5 M FeCl3 solution) and 2 drops of ortho-phosphoric acid. After 25 mins development of pink colour was measured at 530 nm wave length by UV-VIS spectrophotometer (CECIL CE 7250).
Estimation of Gibberellic acid (GA3)
Spore suspension of 2 x10 6 spores per ml were directly inoculated into the flasks with 100 ml MS medium amended with 1000 µg/ml of tryptophan and incubated at 25º C up to 6 days. Amount of GA 3 present in the culture supernatant was determined according to the standard method forwarded by Uthandi et al. (2010) . 30 ml of 6 days old broth culture from each flask were taken and centrifuged at 3000 rpm to remove the particulate matters including fungal hyphae. Twenty five ml of culture supernatant was taken in to a 40 ml test tube to which 2 ml of zinc acetate (1M) was added. After 2 minutes 2 ml of potassium ferrocyanide was added and centrifuged at 1000 rpm for 15 minutes. To 5 ml of this supernatant, equal volume of 30% HCL was added slowly and incubated at 20ºC for 75 minutes. An uninoculated broth was taken as reference and this blank sample was also treated in the same manner and the absorbancy was measured spectrophotometrically at 254 nm wave length.
Phosphate solubilization
Screening of fungal isolates for their phosphate solubilizing activity was done in 0 C were considered as positive for P solubilization (Gour, 1990) .
Quantitative estimation of phosphate solubilization in broth culture was performed according to the procedure of Jackson (1973) . All the fungal isolates were grown seperately in 500 ml conical flasks containing 250 ml of Pikovskya's broth. . One uninoculated flask was used as control. Flasks were incubated at 25 0 C for ten days in a shaking incubator at 250 rpm. Five ml of four, six, eight and ten day's old cultures were centrifuged at 3,000 rpm for 10 mins. One ml of supernatant from each flask was mixed with 10 ml of chloromolybdic acid and the volume was adjusted to 40 ml with distilled water. To this mixture, 1 ml of chlorostannous acid was added. Final volume was made 50 ml by adding distilled water. Absorbance of the developing blue colour was measured at 600 nm wave length with UV-VIS spectrophotometer (CECIL CE 7250). The amount of soluble phosphate was calculated from standard curve of KH2PO 4 . Periodic estimation of culture pH was performed by using digital pH meter (EUTECH pc 510).
Zinc solubilization
Screening of endophytic fungi for their zinc solubilization activity was done by using halo zone formation method in Basal medium (glucose-10.0 g/L; ammonium sulphate-1.0 g/L; potassium chloride-0.2 g/L; dipotassium hydrogen phosphate-0.1 g/L; magnesium sulphate-0.2 g/L; pH 7.0) plates containing 0.1% insoluble ZnO or ZnS (Venkatakrishnan et al. 2003) . Solubilization index was calculated by using the standard formula:
Potassium solubilization
The isolates were screened for their potassium solubilizing activity by halo zone formation method in Aleksandrov agar medium (1% glucose, 0.5% Yeast extract, 0.05% MgSo 4 .7H 2 O, 0.0005% FeCl 3 , 0.01% CaCO 3 , 0.2% CaPo 4 and 3 % agar) containing o.2% insoluble potassium bearing mineral; mica (Hu et al. 2006 ). The plates were incubated at room temperature (30±1°C) for 3 days and the colonies exhibiting clear zones around them were considered as positive for potassium solubilization activity. Potassium solubilization index was calculated with the help of following formula.
Extraction of Fungal genomic DNA
Six days old fungal colonies were collected from PDA plates and ground to fine pastes in an 1. 
Amplification of fungal ITS region
Amplification of fungal ITS (internal transcribed spacer) was carried out in 25 µl PCR reaction mixture (Taq buffer-2.5 µl; MgCl 2 -2.0 µl; 2.5 mM dNTP mix-2.5 µl; forward and reverse primer 0.5 µl of each; sterilized distilled water-14 µl; template DNA-2 µl, Taq polymerase 1 µl) using universal ITS 1 (5´ CCG AAT TCG TCG ACA ACC TGG TTG ATC CTG CCA GT 3´ and ITS 4 (5´ CCC GGG ATC CAA GCT TGA TCC TTC TGC AGG TTC ACC T 3´) oligonucleotide sequences as forward and reverse primer respectively. DNA was amplified over 35 cycles of PCR profile with 94ºC for 3 min, 94ºC for 1 min, 50ºC for 30 s, 72ºC for 1 min, 72ºC for 7 min 4ºC for infinity. Amplification of ITS was confirmed by 1.2% agarose gel electrophoresis and the concentration of DNA was determined by using nano-drop DNA quantifier. The amplified PCR products were sequenced by Sanger dideoxy sequencing method in ABS 3700 sequencer system.
Results
IAA activity
Among 10 different fungal endophytes isolated from tea, 8 were found to be efficient IAA producers. Periodic estimation of IAA production of the fungal endophytes revealed that their activity increased gradually up to day 6 and thereafter, decreased ( Table 1) . (Fig. 1) .
Figure. 1. Indole acetic acid activity of fungal endophytes of tea plant.
GA 3 activity
Estimation of GA 3 in the culture supernatant after 6 days of incubation showed that the activity ranged between 6.98 ±0.77 µg/ml and 12.46 ±0.84 µg/ml. The highest GA 3 activity was exhibited by Fusarium oxysporum (12.46 ±0.84 µg/ml) followed by Penicillium chrysogenum F1(10.95 ±0.37 µg/ml), Aspergillus fumigatus (10.04 ±0.20 µg/ml), A. niger (9.87 ±0.12 µg/ml) and P. sclerotiorum (9.86 ±0.30 µg/ml) ( Table 2 ; Fig. 2 ). 
Phosphate solubilizing activity
Phosphate solubilizing enzyme activity of the fungal endophytes was carried out up to 10 days. It was observed that the enzyme activity increased and reached a maximum on day 8 thereafter, there was gradual decrease ( Table 3) . Phosphate solubilization activity was measured in terms of amount of soluble phosphate in the culture supernatant. Phosphate solubilization activity ranged between 49.90 ± 2.7 and100.33± 2.0 µg/ml after 4days, 63.28 ± 2.0 and 177 ± 1.7 µg/ml after 6 days; 84.23±1.2 and 215.98±0.2 µg/ml after 8 days and between 75.25±1.2 and 198.03±2.3 µg/ml after 10 days of incubation. The highest phosphate solubilization activity was observed for P. sclerotiorum (215.98±0.2 µg/ml) followed by Penicillium sp. F 7 (193.02±1.5 µg/ml), A. niger (170.25±1.2 µg/ml) and A. fumigates (167.35±1.9 µg/ml) after 8 days of incubation. Other fungal endophytes also exhibited phosphate solubilization activity. It was also observed that pH of the medium decreased gradually till day 8 and then slightly increased thereafter. Hence, soluble phosphate in the culture medium increased with a decrease of pH (Fig. 3) due to the secretion of different organic acids into the medium (Fig. 4) . 
Zinc solubilizing activity
Fungal endophytes were screened for their ability to solubilize the insoluble zinc salts in terms of solubilization index through halo zone formation method. Periodic observation of zinc solubilization index for ZnO and ZnS revealed that the solubilization index increased gradually up to day 9 and then decreased.
For ZnO, the solubilization index ranged between 0.97±0.01 and 1.60±0.02 after 3 days; 1.21±0.01 and 2.36±0.04 after 6 days; 1.4±0.04 and 2.87±0.01 after 9 days and between 1.24±0.01 and 2.66±0.03 after 12 days of incubation ( Table 4) . The highest ZnO solubilization activity was observed for P. sclerotiorum (2.87±0.01) followed by Penicillium sp. F 7 (2.22±0.02), A. niger (1.96±0.01) and P. chrysogenum F 5 (1.87±0.005) after 9 days of incubation period (Table 4; Fig. 5 ). Values are mean ± SD of three replicates 
Potassium solubilizing activity
Potassium solubilization activity of the fungal endophytes was estimated by calculating the solubilization index ( (Fig. 7) . 
Phylogenetic analysis of the endophytic fungi
Fungal isolates were characterized at molecular level by amplifying and sequencing their ITS region (Fig. 8) . The isolates were identified using similarity percentage through BLAST and sequences were submitted to genbank, NCBI Among the fungal endophytes, different species of Penicillum were found to be predominant. The phylogenetic relationship among them is depicted in Fig. 9 
Discussion
Plant rhizosphere is the main store house for most of the plant growth promoting microbes. From rhizosphere some microbes which are best compatible to the plant internal environment enter in to the root cortex mainly through the cracks at the site of emergence of lateral roots and then migrate towards the apical parts of the plant body though xylem (Zachow et al., 2010) . Most of these endophytes are not only compatible to the host internal environment but have higher plant growth promoting activities in comparison to their rhizospheric partners (Tsavkelova et al., 2007) . Hence, exploration of endophytic microbes has a greater opportunity to develop biofertilizers superior to biofertilizers developed from other sources.
The main aim of the present study was to isolate and characterize the fungal endophytes of Camellia sinensis for their plant growth promoting activities in vitro. The results mentioned above depict efficient plant growth promoting activities of the isolated endophytic fungi. In the present study Aspergillus niger was found to be the most efficient in IAA production and potassium solubilization activities. The highest GA 3 activity was exhibited by Fusarium oxysporum. Zinc and potassium solubilization activity was observed to be highest in P. sclerotiorum . Hassan (2002) reported some species of Penicillium, Aspergillus and Rhizopus for their IAA and GA 3 producing activities. Similarly, Uthandi et al. (2010) reported Fusarium fijikori SG2 as one of the best GA 3 producer. Many Trichoderma associated with rhizosphere and endosphere of Calophyllum brasiense were also reported for their plant growth promoting hormone producing and mineral solubilizing activities (Resende et al., 2014). Many bacterial, fungal, yeast, and actinomycetes species capable of solubilizing sparingly soluble phosphorus in pure culture have been isolated and studied (Halder et al., 1991 ; AbdAlla, 1994; Whitelaw, 2000; Goldstein, 1986) . The main mechanism of phosphate and other mineral solubilization is the production of diverse kinds of organic acids that lowers the pH of the medium causing solubilization of insoluble mineral salts (Ahmad and Jha, 1968) . Among phosphate solubilizing fungi species of Aspergillus, Penicillium and yeast have been widely reported for solubilizing various forms of inorganic phosphates (Whitelaw, 2000) . Aspergillus niger Penicillium simplicissimum, Penicillium expansum and Scopulariopsis brevicaulis were reported to solubilize the insoluble potassium salts such as potassium aluminosilicates (Sterflinger, 2000) . Lots of fungal genera including some ericoid mycorrhizal fungi (mycorrhizal endophytes of Woollsia pungens; Epacridaceae, Hymenoscyphus ericae and Oidiodendron maius) were reported to dissolve hydroxyapatite, Zn oxide and phosphate (Van Leerdam et al, 2001; Martino et al., 2003) . These results are in agreement with the results of the present study. Moreover, the endophytic fungi isolated from Camellia sinensis in the present study were found to be superior in plant growth promoting activities in comparison to the earlier reports. Hence, the fungal endophytes isolated from Camellia sinensis were efficient in plant growth promoting activities and are assumed to be a future source of biofertilizers consortium for Camellia sinensis and other crops.
